The surface carbohydrate structures on the cell membranes of various mycoplasma species have been investigated by using lectins, which are sugarspecific proteins. Carbohydrate structures presumably bound to glycolipids, with both galactose and glucose units, were found to be exposed on the surface of Mycoplasma pneumoniae and its temperature-sensitive mutants, M. mycoides var. mycoides and capri, M. pulmonis, M. gallinarum, and M. gallisepticum. Lipid-bound glucose was found on M. neurolyticum. The possible relationship of the lipid-bound surface carbohydrate groups to the known serological cross-reactions and lipid compositions of the various mycoplasma species is discussed. Intact Acholeplasma laidlawii and M. fermentans have no lectin-binding sites exposed on their surfaces; galactose groups were discovered only after Pronase digestion of the organisms, suggesting that their glycolipids are hidden under a protein layer. Neither intact nor Pronase-digested M. hominis reacted with the lectins; this is fully consistent with the lipid composition of this organism, which contains glycolipids. The lectins from Vicia cracca and Phaseolus vulgaris, which react with N-acetyl-galactosamine groups, agglutinated M. gallinarum, M. gallisepticum, M. mycoides var. capri, and M. pulmonis. The agglutinability was lost after Pronase treatment, indicating that the corresponding carbohydrates are presumably protein bound. They may be correlated with the extracellular structures observed by electron microscopy of both sectioned and negatively stained mycoplasma species.
The surface carbohydrate structures on the cell membranes of various mycoplasma species have been investigated by using lectins, which are sugarspecific proteins. Carbohydrate structures presumably bound to glycolipids, with both galactose and glucose units, were found to be exposed on the surface of Mycoplasma pneumoniae and its temperature-sensitive mutants, M. mycoides var. mycoides and capri, M. pulmonis, M. gallinarum, and M. gallisepticum. Lipid-bound glucose was found on M. neurolyticum. The possible relationship of the lipid-bound surface carbohydrate groups to the known serological cross-reactions and lipid compositions of the various mycoplasma species is discussed. Intact Acholeplasma laidlawii and M. fermentans have no lectin-binding sites exposed on their surfaces; galactose groups were discovered only after Pronase digestion of the organisms, suggesting that their glycolipids are hidden under a protein layer. Neither intact nor Pronase-digested M. hominis reacted with the lectins; this is fully consistent with the lipid composition of this organism, which contains glycolipids. The lectins from Vicia cracca and Phaseolus vulgaris, which react with N-acetyl-galactosamine groups, agglutinated M. gallinarum, M. gallisepticum, M. mycoides var. capri, and M. pulmonis. The agglutinability was lost after Pronase treatment, indicating that the corresponding carbohydrates are presumably protein bound. They may be correlated with the extracellular structures observed by electron microscopy of both sectioned and negatively stained mycoplasma species.
Complex carbohydrate structures are essential eonstituents of the surface architecture of mammalian plasma membranes (46) and subcellular organelles (10) . Available evidence suggests that complex surface carbohydrates, which are well-suited for the formation of stereospecific structures, are involved in cellcell recognition and contact inhibition processes (46) and may serve as antigenic determinants (30) . In addition to histochemical and biochemical methods, their topology in normal and malignant cells (3) and in erythrocytes has been extensively studied by using lectins which are sugar-specific proteins found predominantly in plant seeds, invertebrates, and lower vertebrates (17, 21, 36) . Their specificities for carbohydrate determinants have been comprehensively summarized (17, 21, 36) .
In general microbiology, lectins have been employed for studies on the carbohydrate structures of virus envelopes (13) , but only a few species of bacteria, especially streptococci and some enterobacteria, have been investigated thoroughly (15, 17, 44) . In contrast to these microorganisms with multilayered membrane 81 systems, cell walls, and capsules carrying the main species-specific immunological determinants, mycoplasmas are devoid of a cell wall and intracytoplasmic membranes but are endowed with a cytoplasmic membrane more stable and elastic than that of bacteria (31) . The morphological and biochemical similarities between mycoplasma and mammalian plasma membranes suggested the application of similar experimental tools for investigating the surface carbohydrate architecture. Considerable amounts of polysaccharides (galactan and glucan) and hexosamines were found in some mycoplasmas. Various glycolipids are major constituents of their polar lipid fraction; however, glycoproteins have not been detected as yet (31) . In Mycoplasma pneumoniae, glycolipids have been identified as the antigenic determinants responsible for the production of metabolism-and growth-inhibiting, complementfixing, and agglutinating antibodies; the serological specificity appears to be due to the carbohydrate moiety, i.e., the type and number of the constituent monosaccharides and the nature of their linkages (19, 27, 32 (17) from the dried seeds of Arachis hypogaea (,B-Dgalactose) (45) , Ricinus communis (a-or ,B-D-galactose) (17, 25, 26, 36) , Canavalia ensiformis (a-Dglucose and D-mannose) (28, 36) , Lotus tetragonolobus (L-fucose) (17, 18, 36) , Vicia cracca (a-N-acetyl-D-galactosamine) (17) , Dolichos biflorus (a-N-acetyl-D-galactosamine) (17, 36) , Laburnum alpinum (glucose) (18) , and Phaseolus vulgaris (Dgalactose-N-acetyl-D-glucosamine-mannose, and Nacetyl-D-galactosamine) (16, 36) ; from the dried mushroom Marasmius oreades (a-D-galactose) (17, 18) ; and from freshly minced Solanum tuberosum (N-acetyl-D-glucosamine) (26, 36 Freshly prepared mycoplasma broth medium contained some particulate or suspended components, presumably yeast and blood cell fragments, which were agglutinated by some lectins. To avoid interference with the agglutination reaction of the mycoplasmas which would co-sediment during harvesting, the media were centrifuged for 4 h at 35 ,000 x g. After sterile filtration, the supernatants were no longer agglutinable by lectins and could, therefore, be used to grow the mycoplasmas.
Culture conditions. M. pneumoniae was grown at 37 C on the glass surface of 5-liter Povitsky bottles containing 1 liter of medium. The temperature-sensitive mutants were cultivated at 32 C (H 10, H 28, H 43, and Gl) and 37 C (H 10 and G 1). The other mycoplasmas were grown in suspension. Subcultivations on agar were routinely performed to ensure the purity of the cultures. The mycoplasmas were incubated until the growth medium started to change color. The medium of M. pneumoniae was decanted, and the sheet of organisms adhering to the glass surface was washed five times with saline, scraped off into saline, and sedimented by centrifugation. The mycoplasmas grown in suspension were centrifuged at 35 ,000 x g for 1 h. The sedimented mycoplasmas were thoroughly washed five times with saline and finally resuspended homogeneously by vigorous agitation in 2 to 5 ml of saline solution (1 to 2 mg of protein per ml). Protein was determined by the method of Lowry et al. (22) , with bovine serum albumin as standard.
Plasma membrane preparation. A. laidlawii plasma membranes were prepared by osmotic lysis (35) .
Polysaccharide isolation. Polysaccharides isolated from M. pneumoniae (29) mg of protein per ml). The agglutinates were sedimented by centrifugation, and the supernatants were tested for the residual agglutinating activity with blood group A erythrocytes as described above.
Double-diffusion micro tests in agar gels. Double-diffusion micro tests, in agar gels on microscope slides, were done by the Ouchterlony technique. Ten microliters each of the lectin solutions and the mycoplasmas dissolved in a small amount of 0.1 M sodium dodecyl sulfate solution was allowed to react at room temperature. Optimal precipitation lines occurred between 3 and 4 days.
RESULTS
The hemagglutinating titers of the lectin extracts are summarized in Table 1 . The results agree well with the data published previously (17, 36) .
Control of growth media. The freshly prepared media contained some particulate or suspended components, presumably yeast and blood cell fragments, which were agglutinated by the lectins of V. cracca (+ +), L. tetragonolobus (+), R. communis (++), D. biflorus (+), P. vulgaris (+ +), and C. ensiformis (+ +). These components were eliminated completely by high-speed centrifugation and recovered in the sediment. The centrifuged medium did not contain additional sedimentable material that interfered with the agglutination of the cultivated and harvested mycoplasmas.
Agglutination of the mycoplasmas. The various mycoplasma species were agglutinated by only a few lectin extracts. The agglutination pattem and titers and results of the inhibition experiments are summarized in Table 2 . The lectin extracts of L. tetragonolobus, D. biflorus, The sensitivity of the agglutination reaction towards sodium periodate indicates strongly that carbohydrate structures are the lectinbinding determinants. The addition of albumin had no effect, thereby excluding the presence of incomplete agglutinins.
The FH and PI strains and the temperaturesensitive mutants of M. pneumoniae were heavily agglutinated by the lectins of R. communis (titer 16) and C. ensiformis (titer 32). The agglutinations were readily inhibited by galactose and glucose, respectively, or some closely related mono-and disaccharides. Pronase treatment did not reveal new sugar determinants. The agglutinability of M. pneumoniae was lost after treatment with periodate. The polysaccharides of M. pneumoniae (29) were also strongly flocculated by the extracts of R. communis and C. ensiformis. Preliminary analytical data of the hydrolyzed polysaccharide probe investigated by gas-liquid chromatography of the silylated sugars (kindly performed by R. T. C. Huang, Giessen) showed that it contained galactose, glucose, probably mannose, and trace amounts of N-acetyl-glucosamine. In the double-diffusion tests (Ouchterlony technique) the sodium dodecyl sulfate-solubilized membranes of M. pneumoniae did not precipitate with the lectin extracts; however, the polysaccharide solution gave clearly visible precipitation lines with both R. communis and C. ensiformis extracts.
M. fermentans, intact A. Iaidlawii organisms, and A. laidlawii membranes were not agglutinated by any of the lectin extracts. After Pronase treatment, both were weakly agglutinated by the lectin extract of A. hypogaea. In agar-gel diffusion, the sodium dodecyl sulfate-solubilized membranes did not show any precipitation lines with the lectin extracts.
M. neurolyticum was strongly agglutinated by the lectin extract of C. ensiformis (titer 32). The agglutination was inhibited by glucose or some closely related monosaccharides or disaccharides containing glucose. Treatment with Pronase did not alter the agglutinability which disappeared after periodate. In the diffusion test, precipitation lines were not detected between the lectin extracts and the solubilized membranes.
The agglutination data on M. mycoides-var. mycoides were identical to those on M. pneumoniae, i.e., strong agglutination with the extracts of R. communis (titer 16) and C. ensiformis (titer 32) . The agglutination was inhibited by galactose and glucose, respectively, or some closely related mono-and disaccharides. The agglutination was not influenced by Pronase treatment, but it was completely lost after periodate. In agar-gel diffusion, the lectin extracts and the sodium dodecyl sulfate-solubilized membranes did not reveal precipitation lines.
Neither intact nor Pronase-digested M. hominis organisms were agglutinated by any of the lectins investigated.
The agglutination patterns of M. pulmonis, M. mycoides var. capri, M. gallisepticum, and M. gallinarum were rather similar. They all were heavily agglutinated by the extracts from V. cracca, R. communis, P. vulgaris, and C. ensiformis. After Pronase digestion the agglutinability with the lectins from R. communis and C. ensiformis remained essentially unchanged, whereas that with the lectins from V. cracca and P. vulgaris was almost completely lost. The treatment with periodate destroyed the lectin-binding carbohydrates. The agglutination with the lectins from R. communis and C. ensiformis was readily inhibited by galactose and glucose, respectively, or by some closely related mono-and disaccharides. The agglutinates formed with the P. vulgaris extract were dispersed by N-acetyl-Dgalactosamine, which was added as a 5% solution since an inhibition could not be observed with a 1 or 2% solution of this compound. The agglutination reactions of the mycoplasmas with the V. cracca extract were inhibited by several sugars (the carbohydrate concentrations inhibiting four minimal agglutinating doses are indicated in parentheses): N-acetyl-D-galactosamine (0.21 x 10-3 M), N-acetyl-D-glucosamine (0.87 x> 10-3 M), galactose (0.43 x 10-i M), glucose (0.87 x 10-3 M), D-galactosamine (13.9 x 10-3 M), and D-glucosamine (27.8 x 10-' M). The incubation of the V. cracca extract with even 5 mg of protein from M. mycoides var. capri per ml did not absorb any blood group A-specific agglutinating activity of the extract, indicating that the agglutination specificity is not exclusively directed against N-acetyl-Dgalactosamine being the blood group A-specific carbohydrate determinant. In the agar-gel diffusion test, precipitation lines were obtained between the sodium dodecyl sulfate-solubilized membranes and the lectin of V. cracca (36) . Compared to the complex diversity of the blood group-specific and -unspecific agglutination reactions observed with erythrocytes (17, 36) , the agglutination pattern of the lectins with mycoplasmas reveals a less-differentiated surface carbohydrate architecture. A genus-or species-specific agglutination of the mycoplasmas was not discovered.
It must be emphasized, however, that the absence of an agglutination reaction with a specific lectin does not necessarily imply that the membrane surface lacks any of the corresponding specific carbohydrate structures, since the distribution density of these determinants, their mobility and their capacity for rearrangement are important parameters (3, 18, 36) .
The strong agglutinations of M. pneumoniae and its temperature-sensitive mutants with the lectins from R. communis and C. ensiformis indicate that carbohydrates containing galactose and glucose units are exposed on their membrane surface. The carbohydrates are presumably bound to lipids because the agglutinability was unchanged after protease treatment. These conclusions are reconcilable with the serological properties of the M. pneumoniae glycolipids and their structures as known thus far, which comprise di-and trigalactosyl diglycerides and di-and trihexosyl diglycerides with both glucose and galactose (27, 32, 39, 41) . However, the flocculation with the same lectins of the polysaccharides (29) isolated from M. pneumoniae indicate that they too may contribute to the specific surface carbohydrate architecture.
Similar conclusions may be drawn from the experiments with M. mycoides var. mycoides which, according to our results, carries glucoseand galactose-containing carbohydrates on its surface. Since here too the agglutinability is not destroyed by the Pronase digestion, it seems to us that they are bound to the lipid constituents of the membrane which are described as containing a galactosyl-glucosyl diglyceride (41) and a monogalactosyl diglyceride (37) . The identity of the surface sugar determinants of M. pneumoniae and M. mycoides var. mycoides is presumably relevant to the serological crossreactions between these strains, although, as has been pointed out by Lemcke et al. (20, 27) , the principal serologically active components of each organism are present in different fractions. On the other hand, the sugar determinants may be constituents of the polysaccharide coat which is excreted by and encapsulates M. mycoides var. mycoides and plays an important role in its pathogenicity (8) .
M. neurolyticum is agglutinated exclusively by the lectin of C. ensiformis reacting with glucose units. The sugar determinant is probably bound to lipid since it is not removed by Pronase treatment. This result may be correlated with the well-known composition of the glycolipid fraction of M. neurolyticum which comprises mono-and diglucosyl diglycerides (38) , and with the serological cross-reactions between both mycoplasma strains which is even more evident when the antigenicity of their lipids was compared (12) .
Intact A. laidlawii cells were not agglutinated by any of the lectin extracts tested. Only the Pronase-treated cells were weakly agglutinated by the lectin from A. hypogaea, which is described to react with nonreducing, terminal f-D-galactose groups (45) . According to our results the carbohydrate groups of A. laidlawii glycolipids (39, 41) and the membrane-bound polyhexosamines (7, 43) are assumed not to be exposed on the surface of the cell membrane, but are hidden under a surrounding protein layer. Since the isolated cell membranes too were not agglutinated by the lectins, the inner (cytoplasmic) layer of the cell membrane seems to lack the corresponding carbohydrate determinants as well. These results are consistent with unpublished data (I. D6rner, H. Brunner, and H.-G. Schiefer) showing that antisera prepared against isolated glycolipids from A. laidlawii do not react with intact A. laidlawii in complement-fixation or metabolism-inhibition tests. Furthermore, as has been described by Ne'eman et al. (24) , the antigens eliciting metabolism-inhibiting antibodies to A. laidlawii are apparently membrane proteins and not lipids, in contrast to the findings with M. pneumoniae (19, 27, 32) . Similar conclusions may be drawn from the experiments with M. fermentans, which reacted in the same way as A. laidlawii.
Neither intact nor Pronase-treated M. hominis were agglutinated by the lectin extracts. The negative result can easily be explained since glycolipids do not occur in this organism (33, 40) .
Based on their similar agglutination properties, M. gallinarum, M. gallisepticum, M. mycoides var. capri, and M. pulmonis will be discussed as a. group. The agglutinability with the lectin extracts from R. communis and C. ensiformis was not affected by Pronase digestion and is, therefore, presumably due to lipidbound galactose and glucose determinants, respectively. On the other hand the Pronasetreated cells were no longer agglutinable with the lectin extracts from V. cracca and P. vulgaris, indicating that the corresponding surface carbohydrates presumably are protein-bound. These results deserve further consideration since glycoproteins have not yet been definitely shown to exist in mycoplasmas. As seen in an electron microscope, both sectioned and negatively stained cells of M. gallisepticum (5), M. pulmonis (11) , and human T-mycoplasmas (1) have surface projections morphologically similar to the "spikes" of myxoviruses which are known to consist of glycoproteins. These surface structures seem to be confined to a few species only and have been assumed to carry the hemagglutinating and hemadsorbing properties of these strains (1, 5) . Furthermore electrondense, "fuzzy" material has frequently been detected on the outer membrane of several mycoplasma strains (6) . This layer, varying in thickness and density, seems to consist of small floccules in direct contact with the cell surface, giving the impression of an additional membrane or capsule outside the limiting membrane of the cell. This layer completely disappeared after Pronase digestion of the membranes (23) which then exhibited the characteristic electron microscopy aspect of a true unit membrane structure. The chemical nature of this extracellular material is obscure. Two possible origins have been suggested (6) . (i) It may be a capsule or slime layer secreted by the organisms, that acts as an additional structural support or as an osmotic barrier, or both, and aids in cellular attachment and pathogenicity. (ii) It may be material adsorbed from the growth medium containing, e.g., blood group substances or yeast glycoproteins. However, this adsorption process must involve some specificity since only a few strains of the mycoplasmas investigated were agglutinated by the lectins, whereas the majority was not. 
